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I. In t roduc t ion  

I n  the  c u r r e n t ,  and i n  the  two subsequent communications, 

expounded are t h e  k e s u l t s  and t h e  method of  experiments concerning 

t h e  s tudy  of  X-ray r a d i a t i o n  of  t h e  Sun i n  the  reg ion  of  t h e  spectrum 

s h o r t e r  than  1-0 A, c a r r i e d  ou t  during t h e  v e r t i c a l  launchings o f  

geophysocal r o c k e t s ,  and on t h e  2nd and 3 rd  s p a c e s h i p s - s a t e l l i t e s \  

The pre l iminary  r e s u l t s  of  t hese  rneasurements have been b r i e f l y  

0 

o u t l i n e d  e a r l i e r  Cl]. - 
The t h e o r e t i c a l  i n v e s t i g a t i o n  of t he  Sun's short-wave rad ia-  

t i o n ,  i nc lud ing  the  s o f t  X-ray reg ion  of  t he  spectrum,\ i w a s  f i r s t  

conducted by I. S, Shklovskiy c 2 ,  31, Subsequently,  sirililar compu- 

t a t i o n s  were c a r r i e d  out  by Elwert  [&I9 de J a g e r  [ T I ,  T ,  V, Kazachev- 

skaya  and G ,  S. Ivanov-Kholodnyy C67, and l a t e l y  aga in  by Eliivert [ 7 ] ,  
The f i r s t  experimentdl measurement of s o l a r  X-ray r a d i a t i o n  

have been c a r r i e d  out by E. Friedman and h i s  c o l l a b o r a t o r s  with 

t h e  he lp  of  a l t i - t ude  rocke t s  E8 -l3], Phbton counters  se rved  as 

r e c e i v e r s  , i n  which bery l l ium and aluminum f o i l  windows , t oge the r  



2.  

with organic  f i lms  a c t i n g  a s  f i l t e r s ,  o u t l i n e d  s e p a r a t e  p o r t i o n s  

of  t he  spectrum 0 - 8 1 (Be), 0- 20 ( A l ) ,  44-60 1 ( maykar) 

44- 100 ii ( g l i p t a t )  * >  
Measurements completed i n  a s e r i e s  of works by Friedman 

s t r e t c h e d  over  t h e  11-year cycle  of  s o l a r  a c t i v i t y ,  Radiat ion 

f lux  i n  t h e  reg ion  0 - 20 2 r e s u l t e d  s u b j e c t  t o  s i g i i i f i c a n t  va r i -  

a t i o n s  c o r r e l a t e d  with s o l a r  a c t i v i t y .  Radiat ion f l u x  i n  t h e  r e -  

g ion  0 - 8 1 var i ed  wi th in  the  li&its from 3 . lo-' t o  1.5 * 

ergs cm-2. sec'l i n  t h e  assumption t h a t  t he  emission spectrum is 

cont inous , and t h a t  t he  energy d i s t r i b u t i o n  i n  t h a t  reg ion  of  t he  

spectrum corresponds t o  the  co lo r  temperature 

The r a d i a t i o n  f lux  i n  the  reg ion  44 -100 d was s i g n i f i c a n t l y  

more s t a b l e ,  c o n s t i t u t i n g  about 

responded t o  a color temperature o f  t he  o rde r  of  5 ,TO5 OK. 

T r r )  1.5 4- 2 l o6  OH. 

0.1 - 1 e r g  cmm2sec'l, and cor- 

Besides ,  s e v e r a l  measurements of  r a d i a t i o n  f l u x  i n  the  

reg ion  0 - 8 and 0. - 20 were made by Friedman and h i s  c o l l a -  

b o r a t o r s  dur ing  chromospheric f l a r e s ,  It was e s t a b l i s h e d  t h a t  du r ing  

f l a r e s ,  t he  boundary of t he  spectrum s h i f t s  t o  the  shortwave re- 

g ion  and r a d i a t i o n  f lux  i n  t h e  reg ion  0 - 8 d i n c r e a s e s  Bo about 

e rgs  . ~ m - ~ . s e c - l  f o r  a class 2+ f l a r e .  An assumption w a s  made 

by Friedman, t h a t  owing t o  the  s h i f t i n g  dur ing  a f l a r e  of t h e  s h o r t -  

wave boundary of r a d i a t i o n ,  t h e  l a t t e r  p e n e t r a t e s  deeper i n  the 

t e r r e s t r i a l  atmosphere, and ind-izces a lowering of t he  boundary o f  

t h e  ionosphere D-layer by about 15 km.  This  is being revea led  i n  

time of  sudden ionospher ic  d i s turbances .  

These r e s u l t s  c o n s t i t u t e  a s i g n i f i c a n t  i n t e r e s t  f o r  t h e  un- 

ders tanding  of  phys ica l  processes  t ak ing  p lace  i n  o u t e r  enveloppes 

of  t he  Sun, and. of those of E a r t h ' s  ionosphere formation. The avai- 
l a b l e  m a t e r i a  n a t u r d l l y  s t i l l  is qu i t e  i n s i g n i f i c a n t ,  and t h a t  is 

why a f u r t h e r  sys temat ic  accumulation of  experimental  d a t a  w i t h  

t h e  he lp  o f  rocke t s  and s a t e l l i t e s  is d e s i r a b l e .  

* f t h e  l as t  two a r e  t r a n s l i t e r a t e d 7  - 



Neasurements a t  v e r t i c a l  l aunchings  of rocke t s  c o n s t i t u t e  

i n t e r e s t ,  because at r o c k e t ' s  pass ing  through the  atmosphere, 

va r ious  zones o f  Sun's X-ray r a d i a t i o n  undergo d i f f e r e n t  absorp t ions .  

Thanks t o  t h a t ,  as was shown by Friedman, i t  becomes poss ib l e  t o  

determine t h e  energy d i s t r i b u t i o n  i n  the  X-ray spectrum of t h e  Sun. 

I n v e s t i g a t i o n s  by means of E a r t h  s a t e l l i t e s  provide t h e  

p o s s i b i l i t y  of  s tudying  the  v a r i a t i o n s  o f  r a d i a t i o n  flux, and of  

t h e  s p e c t r a l  composition of  t he  emission i n  t i m e ,  which is of p a r t i -  

c u l a r  i n t e r e s t  . 
2. Me&hod of Measurements 

.- 
We s e l e c t e d  as t h e  f i r s t  problem &he measurement of  r ad ia -  

t i o n  flux nea r  t h e  short-wave edge o f  t h e  Sun's spectrum - s h o r t e r  

than  1 0  ZJThis r a d i a t i o n  is emit ted from the  h o t t e s t  p a r t s  of t h e  

solar corona. A s  w a s  shown, i t  is s u b j e c t  t o  f a s t  v a r i a t i o n s ,  r e l a -  

t e d  t o  dynamics of  processes  t ak ing  p lace  i n  the  s o l a r  corona, and 

i t  is  the  o b j e c t  of  t h e  deepest  p e n e t r a t i o n  i n t o  t h e  t e r r e s t r i a l  

atmosphere 

The measurements descr ibed i n  t h e  present  paper  were con- 

ducted during two v e r t i c a l  launchings o f  geophysical rocke ts .  The 

immediate o b j e c t i v e  of t hese  measurements cons is ted  i n  t h e  accumu- 

l a t i o n  o f  experimental  m a t e r i a l ,  and t h e  working out  of a method 

for subsequent measurements by meam of s a t e l l i t e s  

kVe used photon counters  as r e c e i v e r s ,  on account of  t h e i r  

h ighe r  s e n s i t i v i t y  i n  the  spectrum region  s h o r t e r  than  10 %, than 

t h a t  of  vacuum photomul t ip l ie rs .  

1 

The p ick  up block w a s  p laced o u t s i d e  the  instrument  conta i -  

n e r ,  The l a t t e r  s epa ra t ed  fro? t h e  rocke t ,  It w a s  s e l f - o r i e n t i n g  by 

t h e  Sun, and i t  remained s o  o r i en ted  dur ing  the  remainder of t he  

ascending p o r t i o n  of r o c k e t ' s  t r a j e c t o r y ,  as wel l  as dur ing  the  

descending one, thsiough r e e n t e r i n g  dense l a y e r s  of t h e  atmosphere 

( 40 km) . 

P c 
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I n  view of i n d i c a t i o n s  of t h e  ex i s t ence  at 70 k m  a l t i t u d e  

and above of  corpuscular  s t reams i n  middle geographic l a t i t u d e s  [i4], 
s p e c i a l  d i s p o s i t i o n s  were taken by us s o  a s  t o  ensure an adequate 

s h i e l d i n g ,  bear ing  i n  rnind t h a t  the  r e g i s t e r e d  r a d i a t i o n  w a s  t h e  

S u n f s  X-ray r a d i a t i o n ,  

Dur ing ' t he  f i r s t  launching t h e  block of p ick  ups contained 

two Sun-oriented counters  of  t he  same type ,  One of them had a 

magnetic s h i e l d i n g ,  e f f e c t i v e  through ene rg ie s  of 15 - 20 keV, 

t h e  o t h e r  (check counter )  was devoid of  magnetic s h i e l d .  Such coun- 

t e r  combimation permit ted t h e  es t imate  t h e  number of  readings due 

t o  brehmstrablung, c r ea t ed  a t  the  i n p u t  window of  t h e  counters  by 

low-energy e l e c t r o n s ,  I n  o r d e r  t o  e s t ima te  the  con t r ibu t ion  of 
f a s t e r  p a r t i c l e s ,  no t  devia ted  by the  maghetic s h i e l d ,  a check 

counter  provided with a magnetic s h i e l d  was u t i l i z e d  at t h e  second 

launching ,  with the  d i f f e r e n c e  though, t h a t  i t  w a s  turned away from 

t h e  d i r e c t i o n  of t h e  Sun by an angle o f  lrO, thus r e g i s t e r i n g  only 
t h e  r a d i a t i o n  of  non-solar o r i g i n .  

The d i s p o s i t i o n  of counters  i n  pickup blocks is shown i n  

Fig.  1, where t h e  scheme with the  Sun-diverted check counter  is 

represented  at t h e  l e ' f t  s i d e ,  and t h a t  with the  check counter  devoid 

of  magnetic s h i e l d  from e l e c t r o n s -  a t  t h e  r i g h t  s i d e .  

F ig ,  1. Schematic cut-away view of  t h e  pickup block 

1 - opera t ing  counters  ; 2 - check- counters  ; 3 - magnet ; 
4 - p o l e  of t he  magnet ; 5 -  frame ; 6 - ? 
7 -vacuum compression. 

(two v a r i a n t s  ) 



The f i e l d  i n t e n s i t y  i n  the  magnet gap v ~ a s  of about lo3 oe. I n  613 

cases  the  countera-,  were covered on the  s i d e  by a l a y e r  of  l e a d  

about  2 m t h i c k .  

Standard self-quenched counters  SBT-9 with a mica end- 

window were used ; they  were 4 mmin diameter  and 1.6 m g . ~ m " ~  t h i c k ,  

I n  o rde r  t o  suppress  the  e x i s t i n g  low con te r  s e n s i t i v i t y  t o  s o l a r  

u l t r a v i o l e t  r a d i a t i o n ,  t h e  mica was sprayed by an aluminum l a y e r  

about  2 plllyl t h i ck .  

The t ransparency  of  t h e  window and of  the  gas f o r  X-ray 

r a d i a t i o n  i n  coun te r ' s  "dead space", and t h e  magnitude of t he  u s e f u l  

absorp t ion  i n  t h e  ope ra t ing  volume of t h e  counter ,  were ca l cu la t ed  

by us ,  s t a r t i n g  from m a s s  absorp t ion  c o e f f i c i e n t s ,  brought ou t  by 

Victoreen E153 t o  t he  K-quantum, and ex t r apo la t ed  beyond t h a t  l i m i t  

by t h e  formula e The counter  *s  s e n s i t i v i t y  lq, ( ) was comnpu- 

t e d  i n  pulse/quanta i n  the  assumption, t h a t  every quantum absorbed 

i n  t h e  working volume of  t h e  counter ,  g i v e s  a reading. The v a l i d i -  

t y  of  admissions u t i l i z e d  i n  t h e  computation o f  s e n s i t i v i t y ,  is 

cor robora ted  by the  r e s u l t s  of l a b o r a t o r y  measurements of counter  

s e n s i t i v i t y  t o  continuous r a d i a t i o n  of an X-ray tube w i t h  a Wolfram 

anode. The i n t e n s i t y  and the  s p e c t r a l  composition of  wolfram anode's 

r a d i a t i o n  were computed by t h e  formula. The open X-ray tube 

and the  counter  were placed i n  a vacuum, s o  as t o  e l imina te  absorp t ion  

i n  t he  air. 

A s  a r e s u l t  of  measurements, i t  w a s  e s t a b l i s h e d  t h a t  counter  

s e n s i t i v i t i e s  of t he  s t u d i e d  l o t  (50 sp.) d i f f e r  2 t o  3 t imes ,  and 

correspond t o  computed va lues  w i t h  the  same degree of accuracy. 

Competed were a l s o  measurements of t he  absolu te  s e n s i t i v i t y  o f  a 
s e r i e s  of emission l i n e s  f o r  s e v e r a l  specimens of  counters .  These 

were c a r r i e d  out  according t o  the  method descr ibed i n  c7-67, i n  t he  

Leningrad Univers i ty ,  s imultabeously w i t h  those of t h e  au thor  Lukir-  
s k i y .  These r e s u l t s  a r e  p l o t t e d  i n  F ig .2 ,where  the  computed s e n s i -  

t i v i t y  curve i.a a l s o  represented.  The measurement e r r o r s  apparent ly  

Q pi 
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do not  exceed 10.7. However, t h e  e f f i c i e n c y  of t h e  counters  employed 

dur ing  rocke t  launchings ,  is known t o  u s  only t o  a p r e c i s i o n  of t h e  

f a c t o r  2- 3 according t o  measurements on the  wolfram anode r a d i a t i o n .  

-. 

Fig. 2. Counter s e n s i t i v i t y  (lom2 pulse  quant .-I) as a 
func t ion  of t h e  wavelength. 

Fig.3.  Counting rate N as a func t ion  of  vol tage V i n  
t h e  coun te r ' s  anode ( count ing ra te  versus  vol tage  ch.) 

Fig.4.Counting r a t e  H a s  a func t ion  of i r r a d i a t i o n  i n t e n s i t y  
J ( i n  r e l t i v e  u n i t s )  



The count ing r a t e  and c a l i b r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  

counters  used, a r e  represented  i n  Fig. 3 and 4 As fol lows from 
Fig.  4, t he  c o r r e c t i o n  €or counters '  "dead time" e x e r t s  l i t t l e  
e f f e c t  upon the  count ing r a t e  t o  vdlues through 400 p u l s e * s e c  -1 , 

From coun te r s ,pu l se s  en te red  two s c a l i n g  c i r c u i t s  consis-  

t i n g  o f  e i g h t  b ina ry  c e l l s  each. The st& of t h e  l as t  f i v e  c e l l s  

o f  each of t he  s c a l i n g  c i r a u i t s  was t e lemeterd  t o  Ea r th ,  and the  

count ing r a t e  w a s  computed according t o  these  da ta .  

3 .  Resul t6  of Measurements 

Rocket launchings with the  above-described equipment were 

conducted on 2l J u l y  1959, morning and evening, The s o l a r  a c t i v i t y  

w a s  considerable  on t h a t  day, with the  main c e n t e r  of  a c t i v i t y  si- 

t u a t e d  at the  western edge of t h e  

S u ,  and a second-  weaker one - 
n e a r  i ts nor theas t e rn  edge. The 

r e l a t i o n s h i p  of i n t e n s i t i e s  of 

t h e  green and r ed  coronal  l i n e s  

Fig. 6 
Counting r a t e  as a func t ion  of  t h e  a l t i t u d e  o f  c o n t a i n e r ' s  l i f t .  

21  J u l y  evening launching 
Measurelrnents at ascent  and descent  Measurements at ascent  and desc.  
1, 2 - bas i c  counter  1, 2 ,  bas i c  counter .  
3 ,  4 - check counter  3 ,  4 -  check counter .  

21 J u l y  morning launching 
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(Fe X I V  A5303 and Fe X h6374), which according t o  measurements 

by Friedman, c o r r e l a t e  with t h e  i n t e n s i t y  o f  X-ray r a d i a t i o n ,  

were computed by us according t o  d a t a  of  Kislovodsk and A l m a - A t a  

coronal  s t a t i o n s  and was found t o  be 3.4 a t  t h e  day of  launchings ,  - 

Seven chromospheric f l a r e s  were r e g i s t e r e d  dur ing  t h e  day. No  €lares 

took p lace  at  time o f  f i r s t  launching,  while t h e  moment o f  t he  se-  

cond launching corresponded t o  the  e x t i n c t i o n  s t a g e  o f  a c l a s s  I 

f l a r e .  

The z e n i t h a l  angle of the  Sun at the  moment o f  t h e  morning 

launching  w a s  nea r  91.5', and at t h e  time o f  t he  evening launching 

n e a r  90.5°. 
T r a j e c t o r y  measurements were n o t  c a r r i e d  out  dur ing  the  

f i r s t  launching,  The he igh t  o f  con ta ine r ' s  l i f t  was obta ined  by 

way of computations. During t h e  second launching ,  i t  was obta ined  

according t o  d i r e c t  measurements. 

The dependence on t h e  a l t i t u d e  of t he  count ing r a t e s  of  

t h e  ope ra t ing  and check counters  f o r  t he  morning launching  is 

presented  i n  F ig ,  5. Coaputed a l t i t u d e  va lues  were used h e r e ,  

The c o n t r o l  (check)  counter  readings ,  devoid of  magnetic s h i e l d ,  

co inc ide  with those  of t h e  ope ra t ing  counter  wi th in  t h e  l i m i t s  of  

t h e  p rec i s ion  of  measurements , 
The dependence on a l t i t u d e  of  t h e  count ing r a t e s  o f  both 

counters  f o r  t he  evening launching  is presented  i n  F i g . 6 .  The 

check counter  r ead ings ,  tu rned  a t  15' f r o n  t h e  d i r e c t i o n  t o  the  

Sun, correspond t o  cosmic background l e v e l .  

These d a t a  a t t e s t  about t h e  absence o f  i n t e r e f e r e n c e s  

from corpuscular  s t reams,  j u s t  as does t h e  cha rac t e r  of count ing 

r a t e  i nc rease  with a l t i t u d e ,  Consequently, t h e  readings of  t he  

ope ra t ing  counters  may be considered as due t o  the Sun's X-ray 

r a d i a t i o n ,  A notable  X-ray flux w a s  r e g i s t e r e d  beginning with the  

95 k m  a l t i t u d e .  

4 
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The maximum measured count ing r a t e  l i e s  w i th in  the  li- 

mits of  counters '  c a l i b r a t i o n  c h a r a c t e r i s t i c ,  and t h a t  is why 
no c o r r e c t i o n  f o r  t h e  "dead timeff w a s  entered .  Owing t o  t h e  s t a b l e  

o r i e n t a t i o n  o f  t h e  con ta ine r  i n  r e s p e c t  t o  t h e  Sun, t h e r e  was no 
need t o  e n t e r  t h e  c o r r e c t i o n  f o r  the  angular  dependence o f  coun te r s ;  

e f f i c i e n c y  . 
One may ob ta in  from these  d a t a  t h e  energy d i s t r i b u t i o n  

and the  nzagnitude of  energy 

Sunrs spectrum beyond the  l i m i t s  of  t h e  atmosphere. The working 

ou t  od d a t a  was c a r r i e d  out  i n  t h e  fol lowing manner: The mass 

of the  i n c l i n e d  column of air, of  1 cm2 c r o s s  s e c t i o n ,  l y i n g  

between t h e  device and the  Sun, was computed for var ious  p o i n t s  

o f  r o c k e t ' s  t r a j e c t o r y .  This  w a s  achieved with the  a i d  o f  t h e  

express ion  minc., = mVerte @ (e), where mvert is t h e  m a s s  of  
t h e  v e r t i c a l  column o f  air numerical ly  equal t o  air pres su re  at  
the  given a l t i t u d e ,  and t h e  f a c t o r  & ( z )  

z e n i t h a l  angle of t h e  Sun - - e The atmosphere parameters,  brought 

ou t  i n  t h e  work by Mikhnevich and Khvostikov [17], were u t i l i z e d  

i n  the  computation of  mvert.;they a r e  very n e a r  t h e  magnitude of  

patameters  of  the  atmosphere model examined i n  the  Champion and 

Mintzner paper [lSl. The f a c t o r  @ ( a )  f o r  angles  - e from 0 t o  90' 
is computed by Bemporad E19-J i n  t h e  assumption t h a t  t h e  r a y s  do 

no t  undergo r e f r a c t i o n .  The magnitude q ( z )  f o r  g r e a t e r  angles  s 
(more than  POo), which a r e  p r e c i s e l y  such as the  angles  of  our 

experiments,  w a s  computed by r educ t ion  t o  the  case 5 &goo with 

t h e  h e l p  of the  expression 

i n  %he cef;titiit.ePed p o r t i a n  Q,€ t he  

is determined by the  

where rn is the  m a s s  of  t h e  air  a t  t h e  corresponding p o r t i o n  of  

t h e  r a y ' s  p a t h ;  p A i s  the  p re s su re  a t  the  po in t  A, This  co r re l a -  

t i o n  fol lows d i r e c t l y  from the  examination of  Figure 7 (nex t  page).  



I n  t h a t  drawing S is t h e  Sun, A is t h e  po in t  a t  which t h e  device 

is  s i t u a t e d ,  B is an a u x i l i a r y  p o i n t ,  a t  which the  z e n i t h a l  angle  

is  90'. The m a s s  i n  t he  s e c t i o n  BA is computed as t h e  d i f f e rence  

o f  masses at p o r t i o n s  S ' B  and S ' A .  

In t roducing  t h e  f a c t o r  @ (z), we f i n d  

m A s  =p,@(9Oo> + ~ , @ ( 9 0 0 )  -pp,@(9O0--~) 

The r e s u l t s  of  computations m - mAs f o r  both kaunchings a r e  

brought f o r t h  i n  Fig. 8. The magnitude of t h e  f a c t o r  @ ( e )  r e su l -  

t e d  q u i t e  g r e a t  ( r e s p e c t i v e l y  @ ( z )  = 80, and t$(~) -45  f o r  t h e  

morning and t h e  evening launchings ,  which is due t o  a very low 
p o s i t i o n  of t he  Sun near  t h e  horizon. 

s' 

- 
i n c l  

. - *. 

' '. 

Fig. 7. Construct ion for t h e  de te rmina t ion  o f  t h e  
f a c t o r  + ( z )  for z j, 900. 

P l o t t e d  is i n  F i g . 9 t h e  count ing r a t e  o t  the  counters  as 

f o r  bo th  launchings , r eca l cu la t ed  according a func t ion  of  rnincl 
t o  graphs of F i g . 5  and 6 .  On t h e  b a s i s  o f  t h e  curves of  F ig .9 ,  

of  m a s s  c o e f f i c i e n t s  of a i r  absorp t ion  f o r  a monochpomatic emission 

of va r ious  wavelenghts (Fig.  10) L15] and of  t he  curve of counters '  

s p e c t r a l  s e n s i t i v i t y  (F ig .21 , i . t  is poss ib l e  t o  cons t ruc t  t h e  d is -  

t r i b u t i o n  of t h e  number of  photons i n  t h e  s t u d i e d  p o r t i o n  of  t he  

Sun's spectrum , i n  t he  assumption t h a t  t h i s  po r t ion  is continuous. 



With t h i s  i n  mind, t he  s u r f a c e  under t h e  d i s t r i b u t i o n  curve is 

approximated by the  sum 
R 

~ r]  iVL,ALi,' 
~ i=l - ~ 

where N;\i is the  number of  photons i n  the  i n t e r v a l  Ai and 

hi -t AIi ; aAi is chosen such,  t h a t  t h e  absorp t ion  c o e f f i c i e n t  

w i th in  t h e  l i m i t s  09 t h a t  i n t e r v a l  be s u f f i c i e n t l y  cons t an t .  On 

t h e  curve of  F i g . 9 ,  2 p o i n t s  a r e  chosen, and €or t h e  determinat ion 

of Nhi a system of  t h e  fol lowing 2 equat ions  is u s e d :  

I . . . . . . .  

so lved  approximately. Here n i t  i s  t h e  coun te r ' s  e f f i c i e n c y  for 
-I 

t h e  wavelength xi; pk, xi is the  transmissLon f a c t o r  of t he  m a s s  

% corresponding t o  the  p o i n t  k on t h e  curve of  Fig.  9 f o r  a wave- 

l e n g t h  h i ;  N k i s  the  count ing r a t e  corresponding t o  t h e  p o i n t  & 
on the  curve i n  Fig.  9.  

The s o  obta ined  d i s t r i b u t i o n  curves o f  the  number of  pho- 

tons  a s  a func t ion  of  t he  wavelength f o r  both launchings ,  computed 

i n  a 1 cm2 s u r f a c e ,  and f o r  a s p e c t r a l  i n t e r v a l  of  1 i, 
p l o t t e d  i n  Fig. 11. The computations f o r  t h e  wavelength po r t ions  

8 - 11 A ,  and s h o r t e r  than 3 A ,  a r e  very i naccura t e ,  a6 t h e  con- 

t r i b u t i o n  of t hese  spectrum por t ions  t o  t h e  r e g i s t e r e d  r a d i a t i o n  

f l u x  is r e l a t i v e l y  s m a l l  ( t h e  r a d i a t i o n  is very  s t r o n g l y  absorbed 

i n  t h e  8 -11 A s p e c t r a l  r eg ion  even nea r  t h e  sumt i t  of t h e  tra- 

j e c t o r y ,  while i n  the  reg ion  below ( s h o r t e r )  3 A ,  i ts i n t e n s i t y  

is very s m a l l ) ,  That i s  why the  eorregpqgding po r t ions  of t he  
curves  of Fig. 11 a r e  i n d i c a t e d  by do t t ed  l i n e s .  

a r e  

0 

0 

0 

It is easy t o  pass  from curves of F i g . 1 1 t o  energy d i s t r i -  
bu t ion  along t h e  spectrum. The energy contained i n  the  reg ion  

s h o r t e r  than 8 i, c o n s t i t u t e s  beyond the  l i m i t s  of  t h e  atmosphere 



1 2 .  

3.6 a 10”e rgs  #crn-2esec-1 f o r  the  morning launching,  and 1.6 
e r g s  

i n  the  spectrum region s h o r t e r  than 1 0  A c o n s t i t u t e s  r e s p e c t i v e l y  

7.3 lom4 and 3.2 

.sec’’ f o r  t h e  evening launching.  The energy contained 

loe4 e r g s  crn-‘*secW1. Taking i n t o  account 

/{ hrr ~ -., 
Fig.  8, Nass mas of  t h e  Fig.9.Counting r a t e  N as a func t ion  
i n c l i n e d  absorbing a i r  ma : 
column, as a func t ion  1 - morning launching ,  
o f  con ta ine r ’ s  he igh t  : 2 ---evening I f  

1 - morning launching 
2 - evening 11 

the  p o s s i b i l i t y  of  a two or t h r e e f o l d  unce r t a in ty  i n  t h e  magnitude 

of  counters ’  absolu te  e f f i c i e n c y  i n  both launchings ,  i t  is  d i f f i -  

c u l t  t o  s t a t e  whether or not  t h i s  d i f f e rence  i n  ene rg ie s  is r e a l .  

A s  t o  t h e  r a t h e r  small d i f f e rence  i n  the  course of  t h e  curves f o r  

energy d i s t r i b u t i o n  i n  both launchings ,  i t  is l i k e l y  condi t ioned 

by a c e r t a i n  d i f f e r e n c e  i n  counters ’  s p e c t r a l  s e n s i t i v i t y ,  and by 

t h e  inaccuracy o f  air m a s s  determinat ion.  The shape of  both curves 

may be p r a c t i c a l l y  considered a s  same. 

. .. 



It is n a t u r a l  t o  cons ider  i n  the  f i r s t  approximation the  

f r ee - f r ee  t r a n s i t i o n s  - e l e c t r o n  brehmastrahlung i n  t h e  f i e l d  of  

hydrogen and helium i o n s  as the  bas i c  source of  continuous rad ia-  

t i o n  (emission)  i n  the  examined p a r t  of  t h e  spectrum. Bound-free 

t r a n s i t i o n s  i n  hydrogen and f r ee - f r ee  t r a n s i t i o n s  i n  the  f i e l d  o f  

o t h e r  i o n s  included i n  the  corona only i n s i g n i f i c a n t l y  inc rease  

t h e  r a d i a t i o n  f l u x  at temperatures  exceeding lo6  OK, as Computations 

by Kogan E201 and Elwert  f7] have shown, 

F i g e l l  i n d i c a t e s  by do t s  t he  d i s t r i b u t i o n  o f  t h e  number 

of  photons i n  t h e  s p e c t r a l  reg ion  of i n t e r e s k  t o  u s ,  computed by 

means of brehmstrahlung formula [73 :  

The computation was Bade f o r  

Te = 4.5.10 % and t h e  Gaunt f a c t o r  

g -1 [SI. The t h e o r e t i c a l  curve w a s  

normalized i n  such a way, t h a t  i t  
coinc ides  with t h e  curve 1 i n  F ig ,  11, 
f o r  a wavelength 7 ii. AS fol lows from 

Fig ,  11, the  t h e o r e t i c a l  curve repro- 

duces very wel l  t he  observed energy 

d i s t r i b u t i o n  i n  t h e  spectrum, 

6 

The in t roduced  value of e l e c t r o n  

temperature  exceeds s u b s t a n t i a l l y  howe- F ig*  10. Dependence of the 
m a ~ s  absorp t ion  c o e f f i c .  
r / p  of t h e  a i r  on the  wave v e r 9  the value 3 lo O H (  
l e n g t h  of the monochroma- 
t i c  emission, ' 

crease  can no t  be a sc r ibed  t o  t h e  f l a r e ,  s i n c e  t h e r e  were no f l a r e s  

dur ing  morning launching.  The inc reased  temperature value may pos- 

s i b l y  be explained by t h e  presence of h igh ly  a c t i v e  reg ions  i n  the  

Sun on t h e  day of  launchings.  It must a lso  be noted t h a t  t h e  

6 

obta ined  i n  our subsequent experiments 

with spaceships ,  This  temperature in-  



14. . 

experiment w a s  conducted i n  a per iod c l o s e  t o  the  s o l a r  a c t i v i t y  

-2 -1 maximum. Friedman t akes  ad- 

vantage of  r a d i a t i o n ' s  c o l o r  
N X ~  quanta .cm r s e c  . H  

temperature and admits its 
be ing  nea r  2 = 106 OK. The 

curve of Fig. 11 corresponds 

t o  a co lo r  temperature of 

about 3 * X.06 O K ,  which is 

exceeding t h a t  measured by 

Friedman . 
F r i e  dman t s measurements 

a r e  r e l a t e d  t o  s o l a r  a c t i v i t y  

minimum i n  1953, while our  

measurements with the  h e l p  of  

t h e  s p a c e c r a f t  took p lace  i n  

December 1960, thus  correspon- 

d ing  t o  the  pe r iod  a f t e r  t h e  

maximum phase passing. The comparatively high absolu te  value of  

r a d i a t i b n  flux, r e g i s t e r e d  on 21 J u l y  1959, l d s o  s p e a s  i n  favor  

of a s h a r p  dependence of  r a d i a t i o n  Is temperature and i n t e n s i t y  

upon t h e  s o l a r  cycle  p h a s e 2  i 

Fig ,  11. D i s t r i b u t i o n  i n  t h e  
Sun's spectrum of  the  number 
of  photons : 1 - morning launch.  
2 - evening launching,  3 -  
t h e o r e t i c a l  curve ,  computed by * )  

On t h e  o t h e r  hand, t he  f a c t  t h a t  measurements were c a r r i e d  

o u t  at time o f  very low p o s i t i o n  o f  t h e  Sun nea r  t h e  horizon,  

c o n s t i t u t e s  a p e c u l i a r i t y  of t he  descr ibed  experiments,  c l e a r l y  

d i s t i n g u i s h i n g  them from Friedman experiments. The r a d i a t i o n  pa th  

i n  the atmosphere was very g r e a t ,  and comparatively s m a l l  inxccu- 

r a c i e s  of t h e  atmosphere model admit ted by us f o r  t h e  computations,  

may l e a d  t o  s e r i o u s  v a r i a t i o n s  i n  t h e  computed va lues  

and consequent ly ,  d s o  i n  t h e  s p e c t r a l  d i s t r i b u t i o n  and absolu te  

va lue  of energy f lux ,  F u r t h e r  sys t ema t i c  measurements of energy 

d i s t r i b u t i o n  nea r  t h e  short-wave edge of the  s o l a r  emission 

mincl , ." 

4 brehmstrahlung with = 4.5 010 %, * 



spectrum thus  appear t o  be indispensable .  

I n  the subsequent two papers ,  we s h a l l  p resent  the r e s u l t s  

of measurements c a r r i e d  out by means of  the 2nd and 3rd  spaceships- 

s a t e l l i t e s ,  toge ther  with the  desc r ip t ion  o f  t he  e l e c t r o n i c  equip- 

ment utilized. 

Entered on 17 Hay 1961 

Trans la ted  by AMDRE L. BRICHANT 

NASA HEADQUARTERS, Washington D . C . 
25 February 1962. 
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